In face of the new upgrades for RHIC the longitudinal impedance of the machine plays an important role in setting the threshold for instabilities and the efficacy of some systems. In this paper we describe the measurement of the longitudinal impedance of the abort kicker for RHIC as well as computer simulations of the structure. The impedance measurement was done by the S 21 wire method covering the frequency range from 9 kHz to 2.5 GHz. We observed a sharp resonance peak around 10 MHz and a broader peak around 20 MHz in both, the real and imaginary part, of the Z/n. These two peaks account for a maximum imaginary longitudinal impedance of j15 Ω, a value an order of magnitude larger than the estimated value of j0.2 Ω, which indicates that the kicker is one of the main sources of longitudinal impedance in the machine. A computer model was constructed for simulations in the CST MWS program. Results for the magnet input and the also the beam impedance are compared to the measurements. A more detail study of the system properties and possible changes to reduce the coupling impedance are presented.
I. INTRODUCTION
The RHIC abort kicker is constructed as a window-framed magnet, deflecting the beam horizontally. The kicker is configured of two C-magnets separated by a copper stripe for impedance reduction, as shown in Fig. 1 . The magnet is assembled with CMD5005 ferrite pieces, each 20.32 cm long, for a total length of 122 cm [1, 2] . The kicker magnet is located in a tubular vacuum vessel and the connection with the Pulse Forming Network (PFN) is through a coaxial feedthrough at a gap in the middle of the side ferrites of the magnet, as show in Figure 2 . The abort system in one ring involves 5 equal kickers each separately powered. The measurements reported here were performed on a spare magnet outside of the ring without a PFN connected. In this report measurement results for the longitudinal coupling impedance of a single abort kicker are presented, but extrapolation to the impedance of the abort system is left to the reader. The coupling impedance was measured with a network analyzer by the established S21 wire method which, in order to yield accurate results, is best interpreted via the "log-formula" for a distributed impedance [3] . We also measured the impedance at the busbar connections in the kicker side gap either directly or through the feedthrough. The reflected signal (S11) provides a complementary view of the characteristic of the unit and helps in the identification of the resonances. Using CST Microwave Studio computer program we modeled and simulated the impedance of one kicker unit to try to understand the nature of the impedance measured and to get an idea on the properties of the kicker.
II. MESUREMENT SETUP
The coupling impedance was measured using the wire method, in which the beam is represented by a wire and the propagation of a TEM wave in the kicker is compared to that in a coaxial reference tube of equal length. The reference tube must have the diameter of the beam tube which would be replaced by the kicker in the ring. A resistive match provides a smooth transition from the 50 Ω of the Network Analyzer to the characteristic impedance of the reference line in the setup. Using this method it is possible to display the results for the real and imaginary part of the impedance directly on the screen of the network analyzer without any post processing, however for a more accurate calculation we applied the "log-formula" to the S21 data which is more appropriate for distributed systems. Having the S21 reference stored in the network analyzer allowed making repeat measurements on the kicker over a longer period without switching from reference to the DUT. The coupling impedance measurement is obtained from the changes in the forward scattering coefficient 21DUT S in the kicker with respect to the 21ref S of the reference tube.
The general relation between the forward scattering coefficients for a distributed wall impedance is best approximated by the so called "log-formula" [3] Z is the characteristic impedance of the reference, in this case the cylindrical beam tube with wire.
We also connected the Network Analyzer to the busbar connection in the kicker gap either with the feedthrough or directly to the plates for the reflection coefficient measurement. The network analyzer converts the 11 S directly into an impedance at this port using that 11 S R jX = + and the following relations:
where NA Z = 50 Ω is the input impedance of the Network Analyzer..
III. IMPEDANCE MEASUREMENT RESULTS
We measured the S 21 parameters for various configurations of the kicker and also measured the S 11 between the gap plates and the feedthrough. The abort kicker is a lumped inductor and the longitudinal impedance is closely connected to the input impedance at the feedthrough. The PFN was not available for connection to the magnet and its effect on the coupling impedance is expected to be between a 50 Ω termination and a short at the feedthrough.
• Longitudinal Impedance We measured two different configurations of the kicker, one with the ends of the feedthrough open and one with its end shorted. The situation in which the feedthrough is attached to the PFN should be an intermediate case between the ones shown. The real and imaginary part of the impedance normalized by the mode number (Z/n) up to 2.5 GHz is show in Fig. 4 . Notice that the kicker does not represent a high impedance source for frequencies above 100 MHz, but has a very high peak at low frequencies. With a linear frequency scale, Fig. 5 shows the impedance results only up to 100 MHz. In this frequency span it is possible to identify two pronounced peaks in the impedance, one around 10 MHz and the other, much broader, with the maximum between 20-40 MHz. and a comparison can serve as guide to finding a reduction of the coupling impedance. The PFN was not available for the present measurements and in order to try reducing the longitudinal impedance, especially for the broader peak, we attached a 50 Ω resistor to the feedthrough, as show in Fig. 7 . The impedance with the load is much closer to the case with the shorted feedthrough. The PFN load represents only a few ohms and connecting it would bring the impedance even more to the shorted case. However, according to instability calculations (private communication M. Blackiewicz) it does not reduce the synchrotron tune shift created by this broad band impedance. 
IV. KICKER SIMULATION
Using the program CST Microwave Studio we develop a model for the kicker. In this model the kicker if formed by a window-frame ferrite block. Between the left and right C shaped ferrite block there is a metallic stripe representing the "eddy current" shield, which is used to reduce the longitudinal coupling impedance of the device. The busbar is inside the kicker window, placed on the lateral wall as a metallic plate from one end to the other, bending only at the gap in the middle and at the kickers ends, as shown in Figure 9 . In the simulation for the current we used a metallic rod and two cylindrical metallic terminations. The kicker magnet was constructed with the standard CMD5005 ferrite for which the properties are taken as [7] FIGURE 9: Model of the kicker used in the simulations. The magenta structure is the ferrite and the gray parts are perfectly conducting metal Previous studies for the SNS extraction kicker suggested that using a low-mu ferrite such as C2050 with μ′ = 100 and / 2 S ω π = 55 MHz could lead to a lower coupling impedance [7] . Searching for a method to reduce the coupling impedance, we used the two different types of ferrite, CMD5005 and C2050. The simulation results in Fig. 8 show a sharper resonance for the low-mu ferrite and changes in this direction are not promising. The busbar impedance tentatively suggested the field configurations for the first and second resonance as monopole and dipole. We tested this possibility by simulating the impedance with a displaced wire. The first resonance is somewhat modified by a radial wire displacement pointing to an asymmetric U-shaped electric monopole field. The impedance at higher frequencies shows a stronger dependence on the wire placement pointing to a dipole component which is coupled to the busbar and depends on the termination.
FIGURE 12: Simulation of the kicker impedance with the wire off-centered.
• Discussions and Conclusion
From the simulation results it is clear that the broad peak around 20 to 40 MHz comes from the ferrite since once we change the ferrite properties (from ε r = 10 to 1) we modify the response around this frequency. It is possible also to notice that there is a good qualitative and quantitative agreement between the simulated data for the ferrite CDM5005 (with ε r = 10) and the measurements for this broader peak.
